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PREFACE 


Convent ional method of preparing Ba'IiO^ ceramic powder 
lies its own limitations regarding particle size and purity, 
do overcome this, many chemical methods have been investigated, 
of which metal organic route proves to be most successful. 


In the literature available on synthesis of BaliG^ 
ceramic powder by motal alkoxiae route, workers have always 


preferred a higher alkoxiae of fi [Eg. i'iCbC^Hg)^, 

Ti ( GC^H-^) / ] having a lower hydrolysis rate. A previous 
attempt to synthesize Ba'IiO^ by hydrolysis of a lower 
alkoxiae like l'i(uC^Hy)^ in Ba(0H) 2 solution [22] resulted 
in a very low Ba/ii ratio. Keeping in view this fact, an 
attoi7.pt was maac to synthesize Bal'iO^ close to st oichiometry 
by hydi’olysing the same lower alkoxioe of fi, i.e. fi ( GC^Hy ) ^ 
in a very high pH C>13) Ba(GH) ? solution. 


moreover El A studies maao on ultrafine BaliO^ [2lj 
docs not explain the exothermic peak observed in the 4GG°C 
range. Hence a detailed characterisation of the above 
powaer vns maao using x-ray, chemical, ufA/fG-A and Electron 
microscopic techniques. Sintering of these powaer s at 
relativeljr low temperatures compared to that required for 
conventional material was carried out. 

In the present thesis, the first chapter aeals with 
the literature review of the synthesis of different ceramic 
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oxides and multicomponent systems in the ultrafine particle, 
range. Experimental details of the synthesis of Bai'iO^ 
are given in the second chapter. In the third chapter, the 
results of the characterisation of the powder are given, 
btuaies on sintering, micro structure anu uieluctric proper- 
ties fojin tir- fourth chapter. 



Chapter 1 

IFTROjjUCTI O h MU LITERATURE REVIEW 

1 . 1 Ultrafine Ceramic Powders 

Ceramists have always been interested in obtaining 
high ijurity ultrafine ceramic powders (<l(i) for the prepara- 
tion of high density ceramic bodies. Since driving force 
for sintering comes from reauction in surface free energy, 
which is high for ultrafine powders because of their fine 
size ana large surface area, such materials sinter to 
dense boaies almost reaching the theoretical density at 
substantially lower px-ocessing temper , atui , es . Apart from 
this, these ceramic bodies show a great improvement in 
their properties when compared with those prepared by 
conventional methods. 

It is not possible to proauce very fine powders with 
high surface energies by usual methods like grinding. Out 
of the many methoas described in literature for obtaining 
ultrafine powder, the simplest seem to be co -precipitation. 
This method involves dissolving the water soluble salts 
of the desired cations in the required proportion in hot 
distilled water and adding a stoichiometric amount of 
ammonium oxalate. This gives rise to a desired solid 
solution of oxalates. This is heated at a temperature 
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sufficient to decompose the oxalates into oxides. Schule 
and neets Creek [1] have synthesized Nickel and Cobalt 
ferrites in the range 300-700 % using this method. 

Claubaugh et al. [2] have reported the synthesis of fine 
Berium titanate by the above method. 

The most successful methou in the field of synthesis 
of ultrafine ceramic powders involves the use of organo- 
metallic compounds. The preparation of ceramic fine 
powders using metal organic compounds such as metal alkoxiaes, 
not only gives ultrafine particle size, but also gives a 
product in which the constituents have been mixed at 
molecular levels. hoping ana stabilizing of ceramic material 
has been extremely successful in this method. Yoldas [3] 
has listed the attractive properties of materials synthesized 
by the method as follows: 

1. High purity 

2. Molecular homogeneity 

3. Submicron particle size 

4. High reactivity 

5. low processing temperature. 

1 • 2 Metal Organic Compounds as Ce ra mic Precursors 

As the name implies, metal organic compounds consist 
of compounds having organic groups attached with a metal. 

Metal alkoxides with general formula M(0R) n where M is the 
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metal and R, the organic group (Eg. C^H y , etc.). 

Alkoxides of metals can be synthesized easily and they can 
be converted into metal oxides either by thermal degrada- 
tion or hydrolyzation followed by dehydration. 

M(OR) n ivi0 n y 2 + n/2 ROH + Olefins 

( 1 ) 

h(OR) n M(OH) n + n ROH (2a) 

M(OH) n A®kyc^t_ion^ M0 n /2 + n /2 H 2° (21) 

Generally the above reactions take place below 500°C and 
the product consists of unusually small particles of size 
typically arouna 100 2.. 

1.2.1 Synt hesis of ultrafine coram i c oxides from metal 
alkoxides 

Metal alkoxiaes are most useful compounds for the 
ceramic forming processes, especially in the case of group 
III and group 17 metals . i'he oxides of these metals 
constitute a large portion of ceramic compositions and 
alkoxides of these metals can be synthesized very easily. 
Chemical synthesis of some important oxides are given below. 

(a) Alumina s Alkoxides of aluminum can be obtained by the 
method first developed by Adkins [4]. In presence of 
mercuric chloride, aluminum and isopropyl alcohol react to 
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give aluminum is opr op oxide. 4hours of refluxing is necessary 
for complete reaction to take place. These alkoxio.es can 
be decomposed ( arouna 500°C) or hydrolyzed to get fine alumina. 

Higher alkoxiues of aluminum can be obtained by ester 
exchange reaction developed by liehrotra [5j in which aluminum 
isopropoxiae is mixed with the desire a higher alcohols and 
benzene and' refluxed after which iso]propyl alcohol is 
removed by distillation of alcohol-benzene azeotrope. 

Ester exchange reaction can be represented by the following 
equations, 

M(OR) n + R' OH M( OR 1 ) n + ROH (3) 

where to is the metal, R the organic group and R* the heavier 
organic group which replaces R. 


(b) Zi rcon ia, Titania and Hafnia : The alkoxides of zirco- 
nium, Titanium, Hafnium can be synthesized by the method of 
Bradley et al [6]. 'The reaction in general for all the 
three metal alkoxides can be represented by the following 
equation, 


MC1 4 + 4C^HyOH + 4HH 3 - > M( OC^H^ + 4^01 (4) 

6 6 


External cooling is necessary as the reaction is exothermic. 
The higher alkoxides of these metals can also be synthesized 
using' the ester exchange reaction mentioned earlier. 

Thermal degradation or hydrolyzation followed by dehydration 
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of these alkoxides give fine oxide powders in the range 
1U0 2 - 200 2 . Thermal degradation of these alkoxides 
involve two steps as determined by 1TA [7]. The first step 
involves removal of bound alcohol and around 400°C, oxide 
formation is complete. 

( c) Rare iarth metal oxides i Rare earth oxides have 
received much attention due to their application in nuclear, 
electronic, laser, optical and phosphor materials [8], 
Classical method of alkoxioe synthesis fail to give rare 
earth alkoxides in a pure form. The reason for this is 
given briefly below. 

Rate of reaction for preparation of alkoxiaes are 
faster for compounds having small covalent radii. Covalent 
radii of Al, Li, Ti are 1.25 2, 1.25 2, 1.32 2 and the 
reactions are relatively rapid, for Zr and Hf, it is 1.452 
and 1.442 and reactions are considerably slower, for Y, 

Yb, by (Atomic radii 1.62 2 , 1.59 2 , 1.7 2 ) the reactions 
are much slower and it is hard to drive the reaction to 
completion. Mazdiyasani and Lynch [9] synthesized Y, Ly 
and Yb alkoxides using a reaction employed by Adkins [4] 
for the synthesis of Aluminum isopropoxide . The reaction 
can be represented as below, 

M + HgClp + 3R0H — — — M(0R) 5 + Hg + 2HC1 + £H 2 (5) 

where h is Al, Y, ly and Yb and R is the isopropyl group, 
for rare earths a minimum 24 hours refluxing is necessary 



6 


for the reaction to be completed. 10~^ to 10 ^ mole of 
HgClg is sufficient to act as catalyst. She mercury formed 
during the reaction, combines with M to form an amalgum. 

K + Hg — ^ M(Hg) (6) 

M( Hg) + 3R0H — > M(QR) 5 + Hg + |h 2 (7) 

For lower lanthanides, namely la, Co, Ha and Pr, a mixture 
of IIgCl 2 , Hg (C 9 H^0 2 )2 or Hglg is used to increase both the 
rate of reaction and also percentage of yield [10]. 

These alkoxiues , on thermal degradation or hydrolytic 
decomposition give fine particles of rare earth oxides in 
range 100 £-20o2_. 

1.2.2 Synt he sis of multicomponent s ystems : 

The utility of or gano metallic route is well illustrated 
in tlm synthesis ox multicomponent systems. 

Control of stoichiometry, impurity level, porosity and 
grain size are important in obtaining poly crystalline 
ternary and quart enary electronic ceramic bodies which 
transmit incident light. Hot pressing is the general method 
used for processing such materials. Mazdiyasani and Brown 
[11] have developed dense, transparent PLZT bodies by ordinary 
cold pressing and sintering at temperature as low as 115 0°C, 
using PLZT powder synthesized from alkoxiues. Zr, Ti and La 
alkoxiaes were prepared according to the eqns . 4 and 5. 

Lead alkoxide was prepared by reacting sodium alkoxide with 
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lead acetate, 'The mixture of all the four alkoxio.es in 
proper proportion were mixed in a common solvent like 
benzene and hyarolyzea. The resulting hy or oxide on drying 
gives PLZT powder. 

Conventional method of stabilizing Zirconia with Yttria 
in cubic phase requires at least 8 mole percent yttria and 
temperature of the oroer of 200C°C. But from organometallic 
route Mazdiyasani, Lynch and Smith [12] have found that 
6 mole- percent of yttria is sufiicicnt to stabilize zirconia 
at temperature as low as 850°C. 

IViullite -2Si0 2 ) has been synthesized by 

Mazdiyasani and Brown [13] using organometallic route. 
Aluminum alkoxiue was synthesized by Adkin’s method [4]. 
Silicon alkoxiue was prepared as below, 

SiCl 4 + 4 C^ByOH — — Si(OC 3 Il 7 ) 4 + 4HC1 (8) 

Mixture of those alkoxiues in proper quantity were hydrolysed 
enu then cried to get fine mullite particles. All these as 
synthesized materials will be amorphous and on calcination 
at a moderate temperature ( 700°C~80u°C) give fine crystal- 
line material. The governing factor in the above methods 
is that alkoxiues involvedmust have relatively compatible 
reaction rates. 

1 • 3 Synthesis of Ceramics 

Titanate ceramic bodies have been largely used in 
electronic component industry and newer trends in electronics 
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are requiring greater sophistication in all components 
inducting capacitors. Higher reliability, lower aging 
rates, greater frequency ana voltage ind.epeno.ence as well 
as higher dielectric constant, higher dielectric strength 
ana reduced temperature dependence are the properties being 
sought in capacitors. Initial material play a great role 
in the improvement of these ceramic bodies [14] and it is 
worthwhile to look into the different methods of preparing 
this . 


1.3.1 Limi tations of commercial m e thod 

In the commercial method of preparing Ball Cl , the 
ingredients BaCO^ and TiO^ are blended together and fed to 
a calciner, typically a gas fired rotary kiln. The calcined 
product in the form of hard to soft clinkers are ball milled 
to get fine particles and then dried. There are number of 
difficulties which set limitations on quality control like 

(a) quality and particle size of incoming ingredients, 

(b) contamination from kiln gas and kiln lining and 

( c) ball milling media. A compromise that may have to be 
struck between hardness ana calcining vs milling time to 
maintain both lovj silica content and low particle size also 
affects the quality of the final proauet. The seriousness 
of the effect of contamination during grinding on the final 
properties of material has been studied by Nelson and 

Cook [15]. Wet milling is the general process employed in 
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the preparation of BaiiO^ ceramics. Typical chemical analysis 
of commercially pure BaliO^ contains 0.5% Siu 2 ana 0.25% 

AlgO^ introauced mostly during milling. Nelson and Cook 
found that the dielectric constant of the material decreased 
to 55%, of the original value when it was ground in alumina 
medium for 12 hrs and to 65% of original value when ground 
in porcelein medium for same duration. 

Besides chemical problem, there are physical problems 
which greatly influence the ultimate properties of a fired 
ceramic. I'ho calcined product must be comum- v-' . to 
achieve a small particle size. i’ho particle sizes of even 
l|i~5|i are not as good as one would desire for optimum 
sintering. 

Analysing the above factors Hyatt and laird [14] have 
proposed following improvement in the initial material. 

1. ABO^ stoichiometric accurate to 99*5% with A/B ratio 
1 + 0.005 

2. Si0 2 , A1 2 0 5 , Na 2 0, lv 2 0 < 0.05% 

5. SrO 0.5% 

4. Intimate mixing or coprecipitation. 

Hyatt et al. [16] have conducted an experiment to show 
the effect of initial material on final sintering. Sintering 
studies wore conducted on five materials from different' 
sources. Pour of these wore 99% pure and had a particle 
size in the range 0.05p~0.5p. and the fifth one, a commercially 
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pure (CP) graae material with 97.5% purity and particle 
size 0. 5|-i-3|.i. They founa that s»ubmi cron size material gave 
high density and low porosity in the range 1260°C-1520°C 
whereas CP grade material aid not mature below 1400°C. 

1.3.2 Synthesis of Ba'PiO-^ ceramics by oxalate technique 

Considering the limitations of the conventional 
methods, several new methods have been investigated to get 
high purity ultrafine BafiO^ ceramics. Claubaugh et al.[17] 
have aeveloiDed fine, stoichiometric BailiO^ by decomposition 
of double oxalate of Barium and Titanium (BaC20^ - Ti0(C20^) • 
xHgO) . An aqueous solution containing TiCl^ and BaCl 2 in 
which the two compounds are in nearly equimolar proportion, 
but with Ba in slight excess is slowly aaded to a hot 
solution of oxalic acid containing about 10% more of acid 
than required for the desirea double oxalate. On ignition, 
this double oxalate gives fine BaTiO^ with Ba/'fi ratio of 
1 + 0 . 001 . 

1.3.3 Synthesis of BaTiO^ from organometallic compounds 

liazdiyasani [18] has synthesized high purity stoichio- 
metric ultrafine BafiO- by hydrolysis of alkoxides. Barium 
isopropoxide was synthesized by the reaction 

Ba + 2 C^Hy OH BaCOC^E^g + H 2 (9) 

Titanium isopropoxide was synthesized as described earlier 
(Eq. Ho. 4) and converted to Pi ( QC^H^) ^ by ester exchange 
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reaction. These two alkoxides taken in proper ratio were 
dissolved in a mutual solvent like benzene and after 
refluxing for two f hrs, hydrolyzed to get BafiO^ precipitate. 

Ba( OC^Ey- ) 2 + ii(OC 5 H 11 ) 4 + 3H 2 0 Bai’iO^ + 

+ 4C 5 H 11 OH (10) 

The reaction was carried out in CO^ free atmosphere. The 
precipitate after drying consisted of fine particles in the 
range 5oi-»10o£ and after calcination at 700°C for 60 minutes 
they grew to 300 A ana 80/^ of the particles were less than 
350a. Emission s pectrographic analysis showed progressive 
decrease in impurities level at every step ana the final 
product was 99-98" pure. Sintering at 1300°C for one hour 
gave densities close to theoretical value. 

Synthesis of BaTiO^ from citrate is also mentioned in 
literature. But details regarding this are not available. 

1.3.4 Synthesis of BaTiO^ by hydrolysis of Titanium alkoxide 
in~Ba'C 0 H ).2 solution ~ ” ~~ " — 

Synthesis of BaTiO^ ceramic powaer by addition of 
titanium alkoxides to a highly alkaline Ba(0H) 2 solution was 
first reported by Flaschen [19] » Nelson [20} has developed 
a model to explain the above mechanism. This will be taken 
in detail in next chapter. Em [21] has studied nTA of 
BaTiO^ synthesized by this method (Ba/Ti ratio 1.03). Follow- 
ing is the result of his experiment. Two endothermic peaks 
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at 140°C and 250°C were at tribute a to the uehyaration of 

* 0 

colloidal powder. An exothermic peak at 450 0, which was 
insensitive to the different atmospheres used was left as 
unexplainable. A double exothermic peak at 730°C ana 840°C 
was assigned for the nucleation of a new phase (nucleation 
of small amount of BaO from loosely crystalline BaliO^) . 

Kiss et al . [22] have studied in detail the effect of 
various parameters on the product of synthesis. They found 
that high pH (>12) and temperature above 80°C was necessary 
to get crystalline powacr. Moreover they report that 
because of its high hydrolysis rates, Titanium isopropoxide 
is not suitable for getting stoichiometric BafiO^ and suggest 
that chelates of Titanium isopropoxide having lower hydro- 
lysis rate gives more stoichiometric product. 



Chapter 2 

SYNTHESIS OE U1TRAFINE BaTiO^ POtfDER 

Abstract ; In the present chapter, details of the experi- 
ments conuucted to synthesize ultrafine BaTiO^ powder are 
given. The results have been discussed on the basis of a 
model developed by Nelson [20]. 

2 . 1 Syntho sis of Titanium Is opr op oxide 

Titanium isopropoxide is a metal alkoxide having a 
freezing poin t of 20°C and a boiling point of 230°C. This 
reacts rapidly with water to form alkyl alkoxio.es . 'This 
can be represented by the following equation [ 7 j P 

M(OR) 4 + H 2 0 ^ MO (OR) 2 + 2R0H (lla) 

2Mo ( OR) g > M(0R) 4 + MO 2 (lib) 

where M is Ti , Zr, Hf, Th, Y, By, Yb. 

Apparatus s In the present experiment, glass apparatus 
fitted with standard interchangeable joints were used. 

They wore scrupulously cleaned and completely dried in 
an oven. Extreme care was taken to exclude moisture from 
the apparatus . 



14 


Chemicals ; 99.5% pure TiCl^ supplied by Riedel uc Hdenag 

was used without any further purification. Analytical grade 
benzene (Bull, Bombay) was distilled after drying over sodium 
wire for 12 hours ana this was used throughout the course 
of experiments. Analytical grade isopropyl alcohol (BlH, 
Bombay) was also used without any further purification. 

Since ammonia cylinder was not available, the follow- 
ing method was used to obtain continuous supply of ammonia 
required for the experiment. Concentrated analytical grade 
ammonia solution was taken in a 500 Till conical flask. A 
few boiling chips were aaaea to this . this was tightly 
fitted with a cork with a central outlet which was connected 
to a gas passing adopter through a rubber tubing. This 
ammonia solution was warmed over a low heat. A heater 
connected with a dimmerstat was used for this purpose. 

After a while ammonia starts getting liberated from the 
solution slowly. This gas was used for the experiments 
conducted. However, care was taken not to boil the solution 
ana fresh solution was used for each experiment. 

The set up used for the synthesis of Titanium iso- 
propoxide is shown in fig. (l) . 

5 ml of isopropyl alcohol and 10 ml of benzene were 
transferred to a 50 ml, 3 nock flask. All the three necks 
were closed air tight with standard stoppers using vacuum 
grease. This was transferred to bath containing ice and 




FIG. 1 SET UP FOR THE SYNTHESIS OF TITANIUM ISO PROPOXIDE 
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salt mixture and the whole set up was transferred to a fume 
cupboard. [transfer of fiCl^ from the bottle into the flask 
needs this step as iiCl^ which is highly sensitive to 
moisture in the air gives copious fumes when the bottle 
is opened.] 1 ml of ITiCl^ was pippetted into the flask with 
the help of a pippette filter. Ammonia that is getting 
lioerahea from the warmed ammonia solution is passed through 
a U tube a*' freshly roasted time to make it anhydrous and 
this was bubbled slowly through the reaction mixture in the 
flasks using a gas passing adopter. Another gas passing 
adopter was connected to the third neck ana the other end 
of the same was connected to a loosely filled CaClg tube, 
ihe second neck was kept closed all the time except while 
adding the solvents. 


As ammonia bubbles through the clear reaction mixture, 
hH^Cl starts getting precipitated slowly according to the 
reaction , 


TiCl 4 + 40^035 

+ 4 HHj 


5°C v 

w 


fi ( QCjKj ) 4 + 4BH 4 C1 


and the clear solution turns white ana turbid. 20 ml of 
additional benzene was aaaea to reduce this gel like 
consistency. Passing of ammonia was continued till all 
the MH 4 C1 got pcrecipitated and the gas bubbled through 
the clear liquid above. In the present experiment with 
slow bubbling of ammonia through the reaction mixture, the 



17 


reaction was completed in 12-15 minutes. After this, the 
gas adopters were removed and replaced hy standard stoppers. 
I'he flask was allowed to come to room temperature. During 
the course of the experiment this was found to he an 
important factor, because with the immediate removal of 
HH4CI from product, there is a chance of I’iCOC^)^ also 
getting filtered along with NIL Cl as it has a freezing 
point of 20°C. 


OT4CI was separated from the mixture of ii ( OC^ Rj ) 4 
ana the solvents by centrifuging in a centrifuge (Sorval) 
at 5000 rpm for five minutes, i'ho clear -liquid containing 
the product, traces of isopropyl alcohol and benzene was 


transferred to a 100 ml round bottommea flask, fitted with 
a standard nock. Benzene ana traces of isopropyl alcohol 


were removed from tho product by distillation under reduced 
pressure (5 mm) . A trap immersed in liquid nitrogen was 
connected between tho pump ana the flask. iho colourless 
11(00^11^)4 liquid remaining in tho flask was used for the 
synthesis of BaTiG^ without further purification. fhe yield 
of fi ( OC-jjily ) 4 product was found to be always found -to -- b e 
between 70-75% in all the experiments. 


Infrared spectra of the synthesized Ii ( OC^Ey ) 4 was 
taken with a Perkin-21 spectrometer ana compared with the 
standard Ii! pattern [23J. fhe wave numbers observed are 
compared with the standard values in table 1. Ihe region 



Table 1 


Infrared absorption data of Titanium isopropoxide 
(IE. absorption frequencies in cm~l) 


fata from Boll et al.[23] 

Present data 

2959 

(a) 

2924 

(a) 

2851 

(a) 

1462 

1470 

1451 

- 

1425 

- 

1391 

1390 

1381 

1385 

1370 

1370 

1328 

1330 

1248 

1250 

1158 

1160 

1136 

- 

1124 

1120 

1000 

1000 

954 

950 

852 

850 


(a) An absorption bana was observed between 2850- 
3000 cra~i range and inaividua.1 peaks could not 
be correctly observed because of suppression of 
scale in this region. 
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of the IB. spectrum in the range 8C0-1600 cm” 1 which repre- 
sents the most characteristics absorption peaks of the 
compound are given in the fig. (2). It can be noticed that 
tho observed values are matching quite well with the 
standard pattern. Because of low resolution in low wave- 
length region, the peaks in the range 2959 to 2857 cm -1 
were observed as a broau band. 

2.2 Synthesis of BaTiO^ : The set up for the synthesis of 

Ba!TiO~ is as shown in the fig. 3. 4 gms of analytical grade 

Barium hydroxide was uissolved in 20 ml of boiling double 
distilled water. iEhis solution was filtered hot to remove 
any traces of Barium carbonate. flic pH of this solution 
was measured using Systronic pH meter and was found to be 
13.2. ihis solution was transferred to a 100 ml 3 neck 
flask and this was slowly heated in an oil bath so that tho 
temperature of the solution in the flask was between 85°C- 
90°C. At this stage purified nitrogen was passed through 
the flask using gas adopters so that nitrogen atmosphere 
was maintained in the flask. 

Nitrogen from tho cylinder was purified as follows. 
First, the gas from tho cylinder was bubbled through two 
traps containing a solution for absorbing oxygen. Ihis 
solution was prepared by dissolving 20 gms of KOH, 18 gms 
of sodium di thionate and 1.8 gm of Naphthalene sodium 



1 Barium hydroxide 
solution 
2. Oil bath 

3 Heating element 

4 . Gas passing adopters 

5 Mercury bubbler-- 



FIG. 3 SET UP FOR THE SYNTHESIS OF BARIUM TITANATE 
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sulphonatc in 100 ml of distilled water. After the removal 
of oxygon, the gas was passe a through a concentrated 
sulphuric acia trap for tho remova.l of moisture and finally 
through a ICOH towor for removal of COg. The nitrogen gas 
coming out of this trap is sufficiently pure and this was 
used to maintain an inert atmosphere over hot Ba( 0 H )2 
solution. The solution was stirred vigorously over a 
magnetic stirrer. 

2 cc of Ti( OC^Hy)^ was added to the vigorously stirred 
hot Ba.(0H)2 solution from a glass dropper. Care was taken 
to ado. this dropwise ana also as quickly as possible. This 
aac.ition instantaneously results in precipitation of BaliU^. 
Stirring was continued for another 10 minutes to ensure 
complete reaction. An atmosphere of was maintained 
above the solution all the time. This precaution is 
necessary to avoid any formation of BaCO^ from Ba(0H)2 
which has a high affinity for absorbing CC^* The Ba'i'iO^ 
precipitated was washed 8-10 times with hot distilled 
water to ensure removal of all excess Barium and finally 
this precipitate was dried in an oven at 50°C. 

TiCOC^H-y)^ diluted with isopropyl alcohol to 

get four solutions having the concentration of alcohol as 
0%, 25%, 50% and 90% by volume. BafiO^ was synthesized 
using all these four solutions. Sl u g gi ng no t a f jLon-&- wi - l A 
Q jaS^a?V6 rcr ~ ir t r 1 Trent t W p -gj j Z & d from t b ft se -jEow r 
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s^dnrtxons-* Following notations will be observed to indicate 
BaiiO^ synthesized from these four solutions. iS.g. 25?° , 

50°C sample refers to BaliO^ prepared using Ti(OC^H^)^ 
containing 25% isopropyl alcohol and. finally dried at 50°C, 

0% 800°G sample refers to a BafiO^ sample synthesized with 
unuiluted fi(GC^H^)^, dried at 50°C ana calcined at 800°C. 

2.3 Mechanism of Synthesis of BaTiO^ 

Kiss et al [22] have investigated the effect of various 
parameters like temperature , pH ana addition rate on the 
Ba/ii ratio of the final product. The y observed that Ba/Ti 
ratio was 0.42 at 3G°C, whereas it was 1.03 at 85-90°C. 

They also found that highly alkaline Ba(0H)2 solution 
(pll> 11) was necessary to produce stoichiometric product 
and lower pH solution gave only acedic BafiO^ containing 
excess I'iGg. Another factor that was observed by them was 
the effect of rate of addition of ©.(OC^Ey)^ on the stoichio- 
metry. The y found that with faster addition of fi(OC^Hy)^ 

the product was closer to stoichiometry. 

Because of these effects, the controlling parameters 
of tho synthesis were sot as follows with the aim of 
achieving a product having a Ba/fi ratio close to 1. 

Temperature 85°C~90°C 

Btirring Vigorous 

Addition rate dropwise and fast 

pH 


13. 
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Nelson [20] attempted, to explain the mechanism of the 
above synthesis. His moael for the initial step when a pH 
of 11-14 is maintained is shown in fig. 4(a). Pour mole- 
cules of water and two hyoroxyl groups attach through their 
oxygen atoms to the titanium of Ti(OR)^ in a nucleophilic 
reaction. One proton from each water molecule interacts 
with one oxygen atom of the alkoxide group through hyarogen 
bonding, following an electron rearrangement, four mole- 
cules of alcohol are expelled. Phis results in an anion 
Pi(0H)g which is neutralised by Ba ions in the solution. 

'Pi (OR). + 4H ? 0 + Ba ++ + 2(0H)“ 

Pi (0H)?“ + Ba ++ + 4R0H - 2 ~~) BaTiO^ + 4R0H. (12) 

It can be considered as an acid base reaction. 

This acid base reaction cannot take place in a neutral 
solution. The anion formation cannot take place for the 
lack of (OH)” ions. This results in hyarous 'PiO^ without 

— j- -j— 

any participation from Ba ions. It shows that presence of 
Ba and (OH) ions are essential for the formation of 
Barium titanate. 

When Ti(OC^II^)^ is added to Ba(0H) 2 solution, there 
is a local lowering of pH due to rapid consumption of (OH)” 
ions. Thus any factor that reduces pH, helps in the forma- 
tion of acodic titanate. By vigorous stirring, distribution 
of (OH)” can be mad© uniform throughout so that there is 
ho chance of free TiO^ precipitating. 
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Prolonged addition of 'JDi(OC^Ey)^ also causes the 
formation of acedic titanat es . Presh BaTiO^ precipitate is 
highly adsorptive and a polar adsorption of Ba on freshly 
formed Ba'fiO- takes place which in turn holds a diffuse 
layer of (OH)"’ ions [Pig. 4(h)] by electrostatic forces. 
Because of this, availability of (0H)~ ions required for 
the initial step of the reaction may be less compared to 
freely moving (OH) ions. This may hamper the formation 

9 ». 

of Ti(OH)g ions which are necessary for BaTiO^ nucleation 
and may result in tho formation of acedic titanate. Hence 
a rapid, but aropwise aduition is favourable for stoichio- 
metric product. 

With increasing dilution of Ti(OC^Hy)^ particle size 
of Bai'iO^ is expected to be reuuccd as simultaneous formation 
of large number of nuclei in a short time exhausts the 
solution with respect to BaTiU^ ana hence growth of BaTiO^ 
particle is decreased. 





Chapter 3 

C EAR AC TERI £> A 'XI ON OF ULTRAFINE Bai'iO* CERAPilC POWEER 

3 

Abstract ; BaTiO^ powder synthesized from TifQC^Hy)^ of 

different ailutions was characterised using (a) X-ray 
analysis, (b) chemical analysis, (c) ETA and TEA, ana 
(d) Electron microscopy. 

3.1.1 X-ra y diffraction studies : X-ray diffraction 
patterns of the synthesizea samples were obtained with CuK^. 
radiation with Hi filter, at 5U0 cps and at a scanning rate 
of 2° (2Q)/ininute on GE-XRe- 6 aiff ractometer . The X-ray 
diffraction machine was set to a tube voltage of 45 XV, 
tube current of 15 mA and time constant of 4 seconas. The 
same conditions were used through out this work. X-ray 
diffraction studies were also made on the above samples 
calcined at 200°C, 600°C, 800°C, 1000°C and 1200°C for 4 
hours. 

3.1.2 Resu lts and discussion ; BaTiO^ has a perovskite 
structure (Fig. 5) which will be cubic above 120°C (Curie 
temperature) and on cooling below 120°C it assumes a 
tetragonal structure with a Q = 3.994 and c Q = 4.038. 

Anliker et aL. [24] in their investigation on fine BafiO^ 
particles, have shown that ferroelectric properties decrease 
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with decrease in crystal size and transition from polarised 
tetragonal to unpolarised cubic structure spreads over a 
wide temperature range insteaa of sharp Curie point and 
this spread increased with decrease in particle size. They 
also found that c/a ratio of fine Bai'iO^ decreased with 
decrease in particle size (--4p.). From electron diffraction 
studies they founa that the deviation from the normal 
behaviour takes place because of a surface layer of about 
luU £„ Spontaneous strain (c/a~l) in this layer seemed to 
be more than the volume average of spontaneous strain found 
by X-ray method. This misfit between surface layer and 
interior region causes broadening of transition region and 
lattice distortion resulting in X-ray line broadening. In 
their X-ray diffraction studies on BafiC^ of different 
particle sizes, upto 4p the diffraction peaks were well 
resolved indicating the tetragonality. But below this size, 
the peaks were not resolved and appeared broad. 

In the present investigation, on analysing the results 
obtained from X-ray diffraction studies of different samples, 
it was found that the as synthesized samples have a cubic 
structure with lattice parameter 4.034 & (Fig. 6b). This 
was determined by extrapolation method of Nelson and Riley 
using the function, + • Tiie effect of 

dilution of TifOC^H ^) 4 on the crystallinity of BafiO^ is 
apparent in Fig. 6(a). lattice parameter was not calculated 
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for 90% 50°C sample because of its low crystallinity. Only 
0% 50°C and 90% 50°C are given in fig. 6(a) as the patterns 

of 0% 50°C, 25^ 50°C and 50% 50°C samples were alike. It 

can be noticed that the peaks are well defined for 0% 50°C 

sample , where as the line broadening is clearly evident in 

90% 50°C sample. 

Calcination at higher temperature resulted in lattice 
shrinkage and higher crystallinity. Byatt et al. [14 j 
mention that the character of 002 and 200 reflections give 
a qualitative degree of tetragonality. For coarse grain 
powder these two reflections will be resolved and for fine 
grained powaer these will not bo resolved ana instead of this 
a broad peak corresponding to 200 observed. Line broadening 
duo to particle size obscures this 002 peak, but the peak 
becomes asymmetric. This was found to bo true in the present 
case also as can be seen in fig. 7- '-Chore was no resolution 
of the peaks even after heating the samples upto 1200°C. 

This shows that the particles have not grown enough to 
indicate tetragonality evon at 1200°C. The lattice para- 
meters calculated for samples calcined at different temp- 
erature assuming a cubic structure show a considerable lattice 
shrinkage which might be due to increased crystallinity. 

The observed results are in close agreement with Mazdiyasani 1 s 
result as can be seen in table 2. 
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275 5 103 

263 9 310 1,270 W 1,263 S 1.2725 W 1.2624 

214 3 113 

205 5 311 1205 w 1.204 W 1.2148 W 1.2046 
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Poll owing conclusions can be drawn from the X-ray 
studies of synthesized Ba'l'iO^ sample. 

(a) Increased dilution of !Ti ( CCh E, ) „ decreases the 

3 7 4 

crystallinity of BaliO^ 

(b) Because of the low particle size tetragonal! ty of 

the sample is very low as indicated by the diffraction 
peaks. 

(c) Calcination at high temperature results in increased 
cr ys tallinity . 

3 • 2 he term i nation of Ba/Ti ratio by Chemical Analysis 

Quantitative chemical analysis was conducted on the 
synthesized samples to find the deviation from the stoichio- 
metry using the method adopted by Claunbaugh et al. [17]. 

Procedure s 250 mg of BaTiO^ was weighed in a balance 
(Met tier) to the accuracy of 0.0001 gm. 7.5 ml of concen- 
trated HC1 was added to this powder taken in a 250 ml beaker 
and gently heated. To this solution 7.5 ml of distilled 
water was auaed ana the whole solution was boiled till the 
BaliO^ sample completely dissolved in the acid solution. 

This was diluted with 50 ml of distilled water and to this 
solution 25 ml of ethylene diamine tetra acetic acid made 
by dissolving 1.5 gm of the reagent in 50 ml distilled 
water with enough NH^UH to effect dissolution, was added. 

The pH of the solution was adjusted to be between 3.5-4 using 
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dilute NH^OH. The resulting solution was heated to boiling 
and Ba was precipitated as BaSO^ by adding 10 ml of 25% 
(NH^^SO^ solution (aqueous) i This much sulphate is neces- 
sary to precipitate Ba at pH 3.5-4, in presence of completing 
agents. This solution was boiled till BaSO^ settled down 
and the liquid above became clear. 


The precipitate was removed by filtration using Whatman 
40 ash-less filter paper and ignited at 800° C for 3 hours 


and finally weighed as BaSO^ 
calculated from this. 


The amount of BaO was 


The combined filtrate and washings were aceoified with 
10 ml of concentrated HgSO^. The resulting solution was 
cooled to 10°G and Ti was precipitated using 6% aqueous 


solution of Gupferron. The precipitate was ignited and 


weighed as The results of the analysis are given in 

Table 3. 


Table 3 

- Results 

of chemical 

Analysis 

Ph;% 

Sample 

Weight of 

Weight of 

Weight of 

Ratio of 

No. 

BaSG 4 in mg 

BaO in mg 

Ti0 2 

Ba0/Ti0 2 

1 

252 

165.74 

85 

1.015 

2 

252 

165.74 

84.5 

1.02 

3 

252 

165 .74 

85 

1.015 
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.discussion : EJj’IA is necessary in the analytical separation 
of Ba ana Ti because in the absence of EiJTA, BaSO^ gets 
contaminated with Ti as observed by spectro chemical 
analysis [17]. [Claubaugh et al found that Ti /Ba ratio 
was 0.991 in the absence of EDTA, whereas it was 1.000 in 
its presence.] 

Cupferron is the ammonium salt of N nitroso E phenyl 
hydroxyl amine. This forms insoluble compouna with Ti in 
strongly aceaic solution (5-10 HgSO^ or HCl). It is 
employed as 6% aqueous solution. This should be freshly 
prepared* since it aoes not remain satisfactorily for more 
than few days. Precipitation is carried out in cola as 
cupferron decomposes into nitros obenzone on heating. Ini- 
tially a curdy precipitate forms till all Ti is precipitated 
and later needle like flocculant precipitate of free nitroso 
phenyl hydroxyl amine is formed. This shoula be filtered as 
soon after their formation as possible since excess cupferron 
is not very stable in acedic solution. Ignition of the 
precipitate has to be done gradually and carefully in a 
large crucible to avoid mechanical losses by gaseous compounds 

A qualitative observation rnado by Claubaugh et al was 
that when Ti content exceeded significantly from the stoichio- 
metric ratio, the resulting BaliO^ did not dissolve completely 
This can be considered as a rapid means of indicating 


excess of Ti. 
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Prom the results of the analysis we see that the 
synthesized BaTiO^ is very close to stoichiometric BalELOj, 
but vi it h slight excess in Ba which might be cue to adsorption 
of Ba ++ ion on precipitated BaiiO^ . 

3 • 5 Results of I'fAj 104. 

Upon action of heat most compounds undergo certain 
specific chemical ana physical transformation accompanied 
by thermal processes like evolution and absorption of heat. 
Weight ana morphological properties are also changed. 

BTA and IGA of BaliO^ samples wore conaucted on a 
aerivatograph (MOM Budapest) from 25°C to 1000°C J at a 
boating rate of 10°C/min, in ambient atmosphere. Specifically 
25% 50 ° Cj go % 50°0 and 90% 400°C were chosen for 1TA 
studios. A significant exothermic^ appearea in range of 
400°C (8(a), 8(b) ). It can be recalled that in X-ray 
stuuies, there was lattice shrinkage in the calcined samples 
compared to as synthesized BaTiO^. Moreover, it is apparent 
that this peak is very weak in the 90 % 400°C (8c) sample. 

Prom these consiaerations , we can attribute this peak to the 
process whore fine as synthesize a BaliO^ particles grew 
with the reduction in surface energy, at the same time 
getting more crystalline, as seen by the lattice shrinkage. 
Calcined powder which haa already gone through this process, 
naturally showed a very weak peak in this range. 
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Thermo gravimetric analysis showed a loss of 10 wt%(Eig.8d) 
in 25 ^ 50°C sample 15 wV/ in 90 y 50°C samples at 1000°C which 
can be attributed to removal of bound alcohol, CO 2 ana 
moisture. 10 '/ loss in weight is very common in the powders 
synthesized by or gano metallic method. Inspite of drying 
the powaer in He atmosphere, Mazdiyasani found 10% loss in 
weight at 9^0°C in the synthesized BaTiO^ [18]. 

3 . 4 Electron Microscopic Studies 

Electron microscopy is a powerful tool in the charac- 
terisation of ultrafine ceramic powders. In the present 
work particle size distribution and shape characteristics 
of both as sjmthesised samples and samples calcined at 800°C 
were stuaied using Philips EM 301 electron microscope. 

1-2 mg of sample was taken in a very clean test tube, 

5-6 ml of ethyl alcohol was adued to this. Particles were 
dispersed in ethyl alcohol by holding the test tube in an 
ultrasonic bath for about 10 minutes. If the resultant 
suspension looked whitish, some more alcohol was adued till 
it appeared almost colourless and again held in ultrasonic 
bath for 5 more minutes. A drop of this suspension was 
placeu on a carbon film supported over 200 mesh copper grid. 

Even then agglomerates could not be removed fully, but the 
resolution between the particles were goou enough to carry 
out size measurements. Humber of electron micrographs were 
taken in for all the samples. Electron diffraction patterns 
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Fig. 8(d) TGA of BaTi0 3 samples 
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of these samples were also taken. Cumulative size distribu- 
tion of particles for each sample was plotted after counting 
100 to 150 resolved particles for each sample. The plots 
are given in fig! 0-13- It is eviaent that for as synthesized 
samples, the size distribution is narrow anci the particle 
size has increased considerably for the calcined samples. 

The electron micrographs of the above samples are given in 
figures 9(a) -9(d). Prom the micrograph, we can 

clearly see the change in the particle shape after calcina- 
tion. Most of the particles in calcined samples have taken 
symmetric regular shapes. The increase in particle size 
after calcination clearly supports the results of ni’A studies. 

Kiss et al [22] observed a systematic decrease in 
particle siso of BaliO- with the increased dilution of tita- 
nium a.lkoride. In the present investigation such regular 
decrease was not observed. This might be because of the 
following factors . The alkoxide used by them for BafiO^ 
synthesis was a chelate of Ti(OC^H^)^ having a considerably 
slower hydrolysis rate as compared to li(OC^Hrj)^. In the case 
of Ti(OC^Ky)^ because of its high hydrolysis rate, the 
lower dilutions does not seem to affect the particle size 
of BaTiO^ much, though at very high dilution like 90%, 
there has been a decrease in particle size along with 
cr ys tallini ty . 




Fig. 9(a)l Electron micrograph of O’’ 50°C Bai'iu^ sample 


scale 1 cm = 950 i. 



Fig. p (a) 2 electron micrograph of 0 ’ 50°C sampie calcined^ 
at S00°C (4 h) , scale 1 cm = 950 X. 



cor on micrograph of 2 5 
le 1 cm = 700 £. 


ioc iron micrograph of 25'*/ 

t 800° C (4h) 

cc.le 1 cm = 145 0 a. 




Pic. 9(o)l 


electron micrograph of 5<J , 50°C 
scale 1 cm = 17 DO A. 



ig. 9(c)2 Electron micrograph of 50 i 50 C sampl 
at n00°C (4h) 
scale 1 cm = 7uu 1. 
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Fig. 10 Cumulative size distribution ■ of 0 % BaTi0 3 
samples . 

▲ 50° C, average particle size 275 A 
• 800° C (4 hrs), average particle size 440 A 
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Fig. 12 Cumulative size distribution of 50 % BaTiC >3 
samples. 

* 50° C, averag particle size 230 A 

• 800° C (4 hrs), average particle size 350 A 
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Fig. 13 Cumulative size distribution of 90 % 
BaTi0 3 samples. 

▲ 50° C, average particle size 190 A 
• 800° C (4hrs), average particle size 490 A 



Chapter 4 

SIMRIHG AND MChOS'ffiUCiimAl STUDIES 

Abstract % Synthesized BafiO^ samples were pelletised and 
sintered at both 1250°C and l30u°C for one hour and two 
hours. The densities of these sintered pellets were eva- 
luated and micro structure was studied using metallographic 
technique. 


4 • 1 Pelletisation 

BafiO-^ powder used for sintering studies was calcined 
at 800°C for one hour to remove the adsorbed gases. It is 
not advisable to use the as synthesized powaer for sintering 
because of the considerable quantity of adsorbed gases in 
such powder. 'These adsorbed gases, if not eliminated, may 
affect the final density of the material. 

The calcined powder was mixed thoroughly with about 
5% of polyvinyl alcohol (PVA) . This PVA was prepared by 
dissolving 20 gms of PVA powder in 100 ml of hot distilled 
water. 'The powder was pressed into thin cylindrical pellets 
of thickness between 0.5-0. 6 mm in a 3/8" diameter split 
die. Pressing was done in a hydraulic press (Carver 
laboratory press, tuouel B) , pressing force was 10,000 psi. 

The dimensions of the green pellets were measured 
using a micrometer (least count 0.001 cm). The green 
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densities of these pellets were evaluated by finding their 
mass ana volume. Green densities of the pellets were found 
to be between 50 to 55 of theoretical density (6.02 gm/cc 
for tetragonal BaTiO^). 

4 . 2 Sinter ing 

A bed of pure zirconia (99) was spread on a fire brick 
slab ana the green pellets were placed on it. Sintering was 
carried out in a silicon carbide tube furnace which had a 
central four inches constant temperature zone. Heating rate 
was approximately 200°C/hour and cooling rate much faster, 
i.e. approximately 300°C/hour. Sintering was conducted at 
two temperatures 125C°C ana 1300°C for perioa of one hour 
and two hours . The temperature was to a accuracy of +10°C. 


4 • 3 Densi ty Measurements 

Densities of the fired pellets were measured using 
Archimeue ' s principle. The ary weight D of the pellet was 
found in a balance (Mettler, accuracy 0.0001 gm) . These 
pellets were hung in a beaker containing distilled water. 
This was boiled for 5 to 6 hours and left in water for 4-6 
hours. Then the water suspended weight 'S' and the water 
saturated weight ¥ of the pellets were determined. The 
density '?' was evaluated using the formula, £ = . 

The density values at different sintering temperatures are 
reported in table 4. 
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Table 4 - .Density and linear shrinkage of sintered BafiCU 
pellets ^ 


Sintering 
temperature 
in °C 

Sintering 

time 

in hours 

linear 
shrinkage 
in per cen 

nensity 
in gm/cc 

tage 

Percentage 
of theore- 
tical 
density 

1250 

1 

23.5 

5.56 

92.3 

1250 

2 

23.5 

5.70 

94.7 

1500 

1 

23.4 

5.68 

94.3 

1300 

2 

24.1 

5.72 

95.0 

s Tlieoretical 

density of te 

tragonal i 

3aTi0^ =6.02 gm/cc. 
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4 • 4 Microstructure 

Microstructure of SaTiO^ is very sensitive to devia- 
tion from stoichiometry. An excess of 2 ■ Ba (mole) gives a 
fine grained .BafiO^ (5-lOp,), whereas an excess of even 1 
Hi results in enormous grain growth giving coarse textured 
ceramic of grain size 50-100p or larger [25]. 

In the xoresent investigation micro structures of the 
sintered pellets were observed by ordinary metallographic 
techniques developeu by Kulscar [26]. Pellets were 
polished on 2/0, 5/0 ana 4/0 emergy papers by rubbing the 
pellet on the paper in a circular motion. Kerosene was 
usea as the lubricant curing this part. Pinal polishing 
was done on a cloth wheel using 0.3|a alumina particles 
suspenaed in distilled water as the abrasive. There were 
lot of 'pull outs' from the polished surface of the pellets 
when polished on a cloth wheel. This could not be avoided 
because of the relative softness of BaTiO^ ceramic to such 
abrasion. This is reflected as black spots in the micro- 
structure, which shoula not be confused as second phase. 

The absence of any second phase was verified by studying 
the X-ray aifi raction pattern of the sintered pellets. 

After polishing, the pellets were etched with an 
etchant consisting of 10% HC1 (10 ml HC1 in loo ml water) 
and 20 drops of 50% HP,. Etching time of i-ly minutes was 
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sufficient to reveal the grain structure. With deeper 
e telling of 3-4 minutes, the domain structure was visible, 
ihe micro structure of samples sintered at 1300°C for 2 hrs 
is given in Pig. 0-5 a). Ihe grain size of this determined 
by linear intercept method was found to be 15p. 

The photomicrographs of domains observed in larger 
grains are given in fig. 0-5 b) and fig. (15c). The domain 
structure which is in the form of series of parallel lines 
result from an alteration between two positions of c axis 
approximately 90° apart (90° domains). Since the texture of 
domains are very fine, very high resolution is necessary 
to observe them clearly. Because of this limitation in the 
microscope, the domains appear faintly in the micrograph. 

The room temperature dielectric constant and loss were 
measured after electroding the sample, in a capacitance 
bridge (G-B.C Type 1615--A) . Electroaing was done by applying 
fired on silver paint to the pellets in circular shape on 
both sides of the pellet coaxialljr and then fired at 750°C 
for y hour. The value of room temperature dielectric 
constant and loss angle are given in table 5. 

% 

The plots of dielectric constant vs temperature are 
given in fig. (14) for 1250/2 hr and 1300/2 hr samples. 

Box’ normal BafiO^ ceramics, this plot gives a very high 
value of dielectric constants at Curie temperature of 
120°C. However, in the present plot we observe just a 
nominal increase in dielectric constant around Curie 
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Table 5 - Properties of BaliO^ ceramics based on powder 
synthesized by the hydrolysis of liCOC^Hy)/ ^n 
Ba( 0 H )2 solution 


Sample 

Dielectric 
constant e 

Loss 

1250/1 hr 

1350 

0.03 

1250/2 hr 

1298 

0.04 

1300/1 hr 

1660 

0.036 

1300/2 hr 

1758 

0.05 



1300 / 2 hrs 
1250 / 2 hrs 



aT'\0 







3 Ob 


mm 



15(13) noma, in structure in. Ua-iiOj cerami 
15(c) at 1300 ° C for 2 hrs. 
scale 1 cm = lujj,. 


sinters d 
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temperature, linger et al. [27] observed that BaliO^ 
ceramics having a imperfect tetragonal structure, with very 
low c/a ratio ao not show a sharp increase in dielectric 
constant at Curie temperature. In the present case, the 
X-ray diffraction studies of sintered BafiO^ samples did 
not show any resolution in the diffraction peaks charac- 
teristic of tetragonal modification, though there was 
asymmetry in certain diffraction peaks. Prom this observa- 
tion, we can say. that the absence of high dielectric 
constant peak at Curie temperature in the samples investi- 
gated might be due to the fact that the sintered samples 
have a imperfect tetragonal structure (low c/a ratio). But 
further experiments are necessary to fully confirm this. 
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CONCLUSIONS 

(a) Stoichiometric ultrafine BafiO^ ceramic powder can 
be synthesized by the hyarolysis of Li(OC^H^)^ in a 
high pH ( 13) Ba(0H)2 solution., 

(b) Use of highly diluted ii(OC^Hy)^ for the synthesis 
reduces the particle size ana crystallinity of BaliO^ 
as apparent from x-ray studies. 

( c) Calcining the powder at higher temperature results in 
lattice shrinkage and increased crystallinity. 

As synthesised powder has the cubic modification, 
on calcination above 1000°C shows a tetragonality as 
observed in the asymmetry of certain x-ray aiffraction 
peaks. 

(d) JJlA of as synthesized BaTiO^ gives a prominent exo- 
thermic peak in the 400 C range, fhis peak is very 
weak in the calcined material, which indicates that 
exothermic peak should be associated with the process 

in which particles tenu to grow and reduce their surface 
area. ihe growth of particles with calcination is 
evident in particle size distribution studies made 
with help of electron microscope. Calcined samples 
apart from having increased size also show a definite 
symmetry in their shapes. 
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(e) i'GA of as synthes izea samples show a weight loss of 
10-15 which is clue to the removal oi moisture, 
adsorbed gases and bound alcohol. 

( f ) ihe synthesized ultrafine powder can be sintered to 
densities 95'£ of theoretical density at temperature 
as low 1250°C which is almost 10G°C less than that 
required for conventional materials. 

( g) The Ba'i'iO^ ceramic samples sintered at 125 0°C and 
I3u0°0 in the present case appear to have a low c/a 
ratio as observed by x-ray diffraction pattern and 
the e-1 plot. It would bo interesting to conduct 
further experiments to study this low tetragonality 


behaviour. 



67 


REPEREHCES 


1. Pine particle ferrites in ultrafine particle s, 

Ed. Kuhn , W.E., 219, 1963, 

2. Claubaugh, ¥.S., Swiggard, E.M., Gilchrist, R„, Vol.56, 
p . 289 , 1956. 

3. Yoldas, J. Mat. Sci. 12, p. 1203, 1977. 

4. Adkins, K. , J. Am. Chem. Soc. 44, p 2175, 1922. 

5. Mehrotra, R.C. , J. Ind. Chem. Soc. 30, 585, 1953- 

6. Bradley, jj.C., Sf/arolaw, ¥., J. Chem. Soc., 2027, 4204, 
5u20 (1952). 

7= Mazdiyasani, K.S., lynch, C.i., Smith, J.S., J. Am. 

Ceram. Soc. p 372, 1965. 

8. Brown, l.K. , Mazdiyasani, K.S., 53(11), p 590, 1970. 

9. Mazdiyasani, L.S., lynch, C.'jh, Smith, J. S. , Inorg. Chem. 

5(3), p 342, 1966. 

10. Mazdiyasani, IKS., lynch, C.T., Smith, J.S., Inorg. 

Chem. 9, 2783 (1970). 

11. Brown, l.M. , Mazdiyasani, K.S., J. Am. Ceram. Soc. 

55, p. 541, 1972. 

12. Mazdiyasani, K.S., lynch, C.'i*. , Smith, J.S., J. Am. 

Cer. Soc. p.533, 1967. 

13. Mazdiyasani, IKS., Brown, l.M., J. Am. Cer. Soc. p 549, 
1972. 

14. Hyatt, E.P., laird H.R. , Am. Cer. Soc. Bull, 
p 541, 1966. 

15. Kelson, Ii.E. , Cook, R.l. , Am. Cer. Soc. Bull. 38, p 499, 
1959. 

16. Hyatt, E.P. , long, S.A. , Rose, P.E. , Am. Cer. Soc. Bull. 
46, p 732, 1967. 

17. Claubaugh, W.S., Swiggard, E.M. , Gilchrist, R. , 
j. Res. B'atl. Bureau of Stds . 56, p 289, 1956. 



68 


18. Mazdiyasani, K.S., J. Am. Cer. Soc. p 523, 1969- 

19. Flaschen, S.S., J. Am. Chem. Soc. p 6194, 1955. 

20. Nelson, C.W., Acia-Base reaction in BaO-TiU2 System, 

Laboratory for Insulation Research, Cambriage, 

Progress Report No. XXX, Contract Bo. 1814(10), Af 33 
(6l6)--8553. 

21. Era, V. , J. Am. Cer. Soc. p. 289, 1963. 

22. Kiss, iv. , Magaer, J., Vukas ovie li , 14. S,, Lockheart, 

11. J. , J. Amer. Cer. Soc., p 291, 1966. 

23. Bell, J.V. , Heisler, J . , Tannenbaum, H. , Golaenson, J. , 

Anal. Cliem. , 25, p 1723, 195 3. 

24. Anliker, li. , Brugger, H.R., Khnzig, W. , Helvitica 
physic a acta 27, p 99, 1954. 

25. Kulscar, F. , J. Am. Cer. Soc., 39, P 13, 1956. 

26. Piezoelectric Ceramics by Jaffe, B. , Cook, N.R. Jr., 
ana Jalle, II., Academic Press, 1971. 

27. Ainger, F.'W., Herbert, , J. Brit. Cer. Soc. 

58,p410, 1959. 




m - (b^- iv\~ wv- sw 


